(19) 



J 



(12) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets (11) EP 0 976 533 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 


(51) lnt.Cl7: B29D 30/06, B29C 43/10 


02.02.2000 Bulletin 2000/05 


// B29C33/04 


(21) Application number: 99114596.2 




(22) Date of filing: 26.07.1999 




(84) Designated Contracting States: 


(72) Inventor: Caretta, Renato 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


21013 Gallarate (Varese) (IT) 


MCNLPTSE 




Designated Extension States: 


(74) Representative: 


AL LT LV MK RO SI 


Tansini, Elio Fabrizio 




C/O Bugnlon S.p.A. 


(30) Priority: 31.07.1998 EP 98830473 


Viale lancettilO 




20158 Milano (IT) 


(71) Applicant: 


PIRELLI PNEUMATICI Societd per AzionI 




20126 Mllano (IT) 





CM 
< 

CO 
CO 
LO 

(O 
1^ 

o> 
o 

GL 
lU 



(54) Method and apparatus for moulding and curing vehicle tyres 

(57) A raw tyre (7) manufactured on a toroidal sup- 
port (10) is closed in a vulcanization mould (2). Steam 
or another fluid under pressure is fed to a diffusion inter- 
space (18) which is formed, following an expansion of 
the tyre (7), between the inner surface (7b) of said tyre 
and the outer surface (10a) of the toroidal support (10). 
A pre-vulcanlzed liner Is previously applied to the inner 
surface of the tyre to prevent diffusion of water particles 
in the raw elastomer material. 
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Description 

[0001 ] The present invention relates to a method for 
moulding and curing tyres for vehicle wheels, compris- 
ing the following steps: disposing a tyre being worl<ed 
on a toroidal support having an outer surface the shape 
of which matches that of an inner surface of the tyre 
itself; closing the tyre and the toroidal support in a 
moulding cavity defined by a vulcanization mould, said 
moulding cavity having walls conforming in shape to an 
outer surface of the tyre when vulcanization has been 
completed; pressing the tyre with its outer surface 
against the moulding cavity walls; administering heat to 
the tyre being worked in order to cause a molecular 
crosS'linl(ing of same. 

[0002] The present invention also relates to an appa- 
ratus for moulding and curing tyres for vehicle wheels, 
comprising: a toroidal support arranged to engage a 
tyre being worked, said toroidal support having an outer 
surface the shape of which matches that of an inner sur- 
face of the tyre; a vulcanization mould arranged to 
receive the toroidal support carrying the tyre being 
worked within a moulding cavity having walls conform- 
ing in shape to an outer surface of the tyre when vulcan- 
ization has been completed; pressing means for 
pressing the outer surface of the tyre against the mould- 
ing cavity walls; heating means for transmitting heat to 
the tyre closed between the moulding cavity and the 
toroidal support. 

[0003] In a tyre production cycle it is provided that, 
subsequently to a manufacturing process in which the 
different tyre components are made and/or assembled 
together, a moulding and curing process is carried out 
which aims at stabilizing the tyre structure according to 
a desired geometric conformation, usually character- 
ized by a particular tread pattern. 
[0004] For the purpose, the tyre is closed in a mould- 
ing cavity internally defined by a vulcanization mould 
and conforming in shape to the geometric configuration 
of the outer surfaces of the tyre to be obtained. 
[0005] In one of the most widely spread moulding 
methods it is provided that a vulcanization bladder of 
elastomer material filled with steam and/or another 
high-temperature and high-pressure fluid should be 
inflated within the tyre closed in the moulding cavity. In 
this way, the tyre is conveniently pushed against the 
inner walls of the moulding cavity and stabilized to the 
geometric conformation imposed to it, following the 
molecular cross-linking undergone by the elastomer 
material of which it is made, due to a supply of heat 
transmitted by the fluid through the bladder and by the 
mould walls. 

[0006] Also known are moulding methods in which, 
instead of the inflatable vulcanization bladder, a rigid 
toroidal support is arranged within the tyre, the shape of 
which matches that of the inner surface of the tyre to be 
obtained. 

[0007] Such a method is described in the European 



patent EP 242 840 for example, in which a rigid toroidal 
support is employed for imposing the final shape and 
sizes to the tyre closed in the mould. In accordance with 
that which is described in this patent, the different coef- 
5 ficient of thermal expansion between the metallic toroi- 
dal support and the raw elastomer material of which the 
tyre is made is utilized for achieving a suitable moulding 
pressure. 

[0008] In conclusion, the assembly of the parts form- 

10 ing the mould and the toroidal support defines a closed 
interspace in the moulding cavity, which substantially 
has a shape conforming to the whole geometric config- 
uration of the tyre. In this way, both the outer surfaces 
and the inner surfaces of the tyre are maintained in con- 

15 tact with rigid portions of the moulding and curing appa- 
ratus. In other words, all the apparatus parts intended to 
set up the final tyre geometry are rigid parts, in contrast 
with the methods using the inflatable vulcanization blad- 
der which, as known, constitutes a deformable part of 

20 the mould. 

[0009] It is however to point out that, at the present 
state of the art, both methods, i.e. that employing the 
inflatable vulcanization bladder and that employing a 
rigid toroidal support during tyre vulcanization, have 

25 some problems. 

[0010] With reference to the methods employing the 
inflatable bladder, it is in fact to note that the bladder 
deformability can easily give rise to geometric and/or 
structural imperfections in the tyre, due to possible dis- 

30 tortions to which the bladder itself may be submitted, 
owing to an unbalanced expansion and/or to friction 
phenomena generated between the outer surfaces of 
the bladder and the inner surfaces of the raw tyre. Tak- 
ing into account the fact that the bladder also has the 

35 task of locking the tyre beads against the corresponding 
portions of the mould, the bladder deformability makes 
it difficult to achieve sufficient bead-locking pressures. 
Therefore an undesired out-of-alignment positioning of 
the beads relative to the geometric axis of the tyre can 

40 occur, which will give rise to distortion of the whole tyre 
structure. An insufficient bead-locking pressure, in addi- 
tion, can give origin to formation of burr at the beads 
themselves, due to escape of elastomer material 
between the bladder and mould, above all at the starting 

45 instants of the curing process. 

[0011] The vulcanization bladder needs use of great 
amounts of steam, due to the requirement of filling the 
whole inner volume of the bladder inflated in the mould 
cavity, and in addition it constitutes an obstacle to heat 

50 transmission to the tyre by said steam. 

[0012] On the other hand, use of a rigid toroidal sup- 
port instead of the inflatable vulcanization bladder 
makes it necessary to carry out a very precise, and also 
very difficult, checking of the volumes of the material 

55 used in manufacturing the tyre. 

[0013] Furthermore, it is not presently possible to 
impose an appropriate radial and/or circumferential 
expansion to the tyre, for achieving desired preloading 
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effects in the reinforcing structures employed in manu- 
facturing said tyre. 

[0014] Even with the aid of the rigid toroidal support, 
in addition, it is somewhat difficult to obtain a correct 
and efficient heat transmission to the Inside of the tyre. 
[0015] The Applicant has envisaged the possibility of 
achieving Important improvements in the processes for 
moulding and curing a tyre with the aid of a rigid toroidal 
support, by carrying out admission of a heating fluid 
and/or another fluid under pressure, in accordance with 
the present invention, to an interspace defined between 
the inner surface of the tyre and the outer surface of the 
toroidal support itself. 

[0016] In particular, the invention relates to a method 
of moulding and curing tyres for vehicle wheels, charac- 
terized in that said pressing step takes place by admis- 
sion of a fluid under pressure (or pressurized fluid) to at 
least one fluid-diffusion interspace created between the 
outer surface of the toroidal support and the inner sur- 
face of the tyre. 

[0017] In more detail, the pressing step preferably 
takes place concurrently with an expansion imposed to 
the tyre by effect of admitting fluid under pressure to the 
diffusion interspace. 

[0018] Said radial expansion preferably involves an 
increase in the tyre circumference included between 
1 .5% and 3.5%, measured at an equatorial plane of the 
tyre itself. 

[0019] The diffusion interspace, preferably having a 
size included between 3 mm and 14 mm, measured 
between the inner surface of the tyre and the outer sur- 
face of the toroidal support at least at one equatorial 
plane of the tyre itself, can be advantageously created 
following expansion of the tyre. 
[0020] In a preferential embodiment, admission of 
fluid under pressure takes place through feeding chan- 
nels formed in the toroidal support and opening onto the 
outer surface of said support. 

[0021] In addition, it is preferably provided that during 
admission of fluid under pressure the tyre should be 
sealingly engaged at its inner circumferential edges 
between the moulding cavity walls and the outer surface 
of the toroidal support, for hermetically delimiting the 
diffusion interspace at the inner circumferential edges of 
the tyre itself. 

[0022] Advantageously, heat administration preferably 
takes place by admission of a heating fluid to said diffu- 
sion interspace. 

[0023] This heating fluid may constitute, or at least 
may be part of the same fluid under pressure employed 
for carrying out the pressing step. 
[0024] Conveniently, the step of arranging the tyre on 
the toroidal support is carried out by manufacturing the 
tyre directly on the toroidal support. 
[0025] In accordance with a further aspect of the 
invention, to be utilized also independently of the pres- 
ence of a rigid toroidal support, a pre-vulcanized liner is 
arranged on the inner surface of the tyre. 



[0026] Said pre-vulcanized liner can be advanta- 
geously directly formed on the toroidal support during a 
preliminary step of the tyre manufacture on the toroidal 
support itself. 

5 [0027] In more detail, formation of the pre-vulcanized 
liner preferably comprises the following steps: applying 
at least one layer of raw elastomer material to the outer 
surface of the toroidal support; transmitting heat to the 
elastomer layer to cause a molecular cross-linking of 

10 the latter. 

[0028] Heat transmission to the elastomer layer can 
be obtained by heating the toroidal support. 
[0029] Conveniently, heating of the toroidal support is 
at least partly obtained due to employment of the toroi- 
15 dal support itself in a preceding cycle for carrying out 
tyre moulding and curing. 

[0030] in accordance with the invention, said method 
is put into practice by an apparatus for moulding and 
curing tyres for vehicle wheels, characterized in that 
20 said-pressing means comprises channels for feeding of 
a fluid under pressure which are formed through the 
toroidal support and open onto the outer surface of said 
support. 

[0031] In more detail, said feeding channels open into 
25 at least one interspace for diffusion of the fluid under 
pressure, defined between the outer surface of the toroi- 
dal support and the inner surface of the tyre being 
worked. 

[0032] Preferably, the outer surface of the toroidal sup- 
30 port has an extension lower than that of the inner sur- 
face of the vulcanized tyre, so that the diffusion 
interspace of the heating fluid is created between the 
outer surface of the toroidal support and the inner sur- 
face of the tyre, due to expansion of said tyre by effect 
35 of the thrust exerted thereon by the fluid under pres- 
sure. 

[0033] It is also preferably provided that the toroidal 
support should have inner circumferential portions 
cooperating with inner circumferential portions of the 
40 walls of the moulding cavity for sealingly engaging the 
tyre at the respective inner circumferential edges of the 
latter. 

[0034] In a preferential solution of the invention the 
pressurized-fluid feeding channels extend from an 
45 annular cavity provided internally of the toroidal support 
and susceptible of connection with at least one primary 
duct for feeding of fluid under pressure, associated with 
the vulcanization mould. 

[0035] Conveniently, the toroidal support has at least 
50 one centering shank to be engaged in a centering seat 
arranged in the mould for fastening positioning of the 
toroidal support and the tyre In the moulding cavity. 
[0036] Said centering shank for example extends in a 
geometric axis common to said toroidal support, said 
55 tyre being worked, and said moulding cavity. 

[0037] Also provided may be at least one connecting 
duct formed along the centering shank to bring the feed- 
ing channels into fluid communication with at least one 
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primary duct for feeding of fluid under pressure. 
[0038] According to a further feature of the invention, 
the heating means comprises at least one conduit for 
sending a heating fluid to the feeding channels. 
[0039] The heating fluid may comprise the same fluid 
under pressure admitted by the pressurlzed-fluld feed- 
ing means. 

[0040] Further features and advantages will become 
more apparent from the detailed description of a pre- 
ferred, non-exclusive embodiment of a method and an 
apparatus for moulding and curing tyres for vehicle 
wheels in accordance with the present invention. 
[0041] This description is taken hereinafter with refer- 
ence to the accompanying drawings, given by way of 
non-limiting example, in which: 

Fig. 1 dtagrammatically shows a diametrical section 
of an apparatus in accordance with the invention 
during the step of loading a tyre being wori<ed into 
a mould, arranged in an open condition; 
Fig. 2 is a fragmentary cross half-section, to an 
enlarged scale as compared with Fig. 1 , showing 
the tyre in a step coinciding with, or immediately 
after closing of the mould; 
Fig. 3 is a cross half-section of the tyre being 
moulded against the mould surfaces, following 
admission of steam under pressure through the 
toroidal support. 

[0042] With reference to the drawings, an apparatus 
for moulding and curing tyres for vehicle wheels In 
accordance with the present invention has been gener- 
ally identified by reference numeral 1 . 
[0043] Apparatus 1 comprises a vulcanization mould 
2 associated with a vulcanization press 3, only diagram- 
matically shown in that it can be made in any convenient 
manner as conceived by a person skilled in the art. For 
instance, mould 2 may be comprised of a lower mould 
half 2a and an upper mould half 2b in engagement with 
a bed 3a and a closing portion 3b of press 3, respec- 
tively. 

[0044] In the example shown just as an indication, 
each of the lower 2a and upper 2b mould halves of 
mould 2 has a lower 4a and upper 4b cheek respec- 
tively, and a crown of lower 5a and upper 5b sectors, 
[0045] The lower 2a and upper 2b mould halves are 
movable relative to each other between an open condi- 
tion in which they are mutually spaced apart as shown 
in Fig. 1 , and a closed position, shown in Figs. 2 and 3, 
in which they are disposed mutually close to each other 
for the purpose of forming a moulding cavity 6 the inner 
sides of which, defined by cheeks 3a, 3b and sectors 
5a, 5b, reproduce the geometric conformation of the 
outer surface 7a of a tyre 7 to be obtained. 
[0046] In more detail, cheeks 4a, 4b are intended for 
forming the outer surfaces of the opposite sidewalls 8 of 
tyre 7, whereas sectors 5a, 5b are intended for forming 
the so-called thread band 9 of the tyre itself, creating a 



series of cuts and longitudinal and/or transverse 
grooves therein, suitably disposed according to a 
desired "tread pattern". 

[0047] Apparatus 1 further provides for use of at least 
5 one toroidal support 10 of metal material or another 
solid material, having an outer surface substantially 
reproducing the shape of an inner surface of tyre 7. The 
toroidal support 10 is conveniently made up of a col- 
lapsible drum, that is consisting of centripetally movable 
10 circumferential segments for dismantling the toroidal 
support itself and enabling easy removal of same from 
tyre 7, when working has been completed. 
[0048] In accordance with the method of the invention, 
the raw tyre 7 is disposed on the toroidal support 10 
15 before the latter is fitted, together with the tyre itself, into 
the vulcanization mould 2 arranged in an open condi- 
tion. 

[0049] In particular, engagement of tyre 7 on the toroi- 
dal support 1 0 can be conveniently obtained by directly 

20 manufacturing the tyre on the support itself. In this way 
the toroidal support 10 is advantageously utilized as a 
rigid outline for forming and/or deposition of the different 
components, such as carcass plies, bead-reinforcing 
structures, belt strips, sidewalls, and tread band for 

25 example, which components cooperate in forming the 
tyre itself. Further details on the modalities of forming 
and/or deposition of the components of tyre 7 on the 
toroidal support 10 can be taken from European patent 
applications No. 97830633.0 and No. 97830731.2 for 

30 example, in the name of the same Applicant. 

[0050] Under this circumstance, the geometric confor- 
mation of the inner surface of the raw tyre 7 will exactly 
correspond to the conformation of the outer surface of 
the toroidal support 1 0. 

35 [0051 ] However, as better clarified in the following, it is 
preferably provided that the extension of the outer sur- 
face 10a of the toroidal support 10 should be conven- 
iently lower than the extension of the inner surface 7b of 
tyre 7 when vulcanization has been completed. 

40 [0052] The toroidal support 10 is preferably provided 
with at least one centering shank 1 1 to be engaged in a 
centering seat 12 arranged in mould 2, for establishing 
a precise positioning of the toroidal support itself and 
the tyre 7 carried thereon, within the moulding cavity 6. 

45 In the embodiment shown, the toroidal support 10 has 
two centering shanks 1 1 extending from opposite sides 
in a geometric axis Y common to the toroidal support 
10, the tyre 7 and the moulding cavity 6, and arranged 
for being fitted into corresponding centering seats 12 

50 formed in the bed 3a and the closing portion 3b of the 
vulcanization press 3, respectively. 
[0053] More particularly, coupling between each 
centering shank 11 of the toroidal support 10 and the 
corresponding centering seat 12 formed in mould 2 

55 defines, between each cheek 4a, 4b of the mould itself 
and the corresponding inner circumferential edge 10b of 
the toroidal support 10, a housing seat for an inner cir- 
cumferential edge 8a of tyre 7, usually known as "bead" 
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of the tyre 7. 

[0054] Said bead seats 4c, 4ci give beads 8a a mould- 
ing of quite precise geometry and thickness, in that said 
moulding results from a direct coupling between the 
rigid surfaces of the toroidal support 10 and the sur- 
faces of cheeks 4a, 4b of mould 2. 
[0055] In addition, said bead seats 4c. 4d ensure an 
absolutely steady and precise centering of tyre 7 rela- 
tive to axis "Y" of the moulding cavity 6. 
[0056] Preferably, the toroidal support 1 0 is also con- 
veniently sized so as to have, at least at the regions cor- 
responding to beads 8a of tyre 7, an elastically yielding 
structure in an axial direction, due to mutual approach- 
ing of cheeks 4a, 4b during the closing step of mould 2. 
[0057] The axial deformation undergone by the toroi- 
dal support 10 at the contact regions with cheeks 4a. 4b 
close to the tyre beads 8a Is preferably included 
between 0.3 and 0.5 mm, so as to generate a specific 
pressure included between 18 and 25 bars on the con- 
tact surfaces with the corresponding cheeks 4a, 4b. 
This contact pressure, during the moulding and curing 
step of tyre 7, prevents any escape of elastomer mate- 
rial between the surfaces in mutual contact of the toroi- 
dal support 10 and of cheeks 4a, 4b, thereby avoiding 
formation of consequent burr. 

[0058] When positioning of the toroidal support 10 
with tyre 7 on the lower portion 2a of mould 2 has been 
carried out, the mould itself Is brought to Its closed con- 
dition. 

[0059] As can be viewed from Fig. 2, at the moment 
that mould 2 is closed, the walls of the moulding cavity 

6 remain at a certain distance from the outer surface of 
tyre 7, in particular at the tread band 9 of the latter. Dur- 
ing this step, the tread band 9 can in any case be partly 
penetrated by the raised portions arranged on sectors 
5a, 5b so as to define said tread pattern. 

[0060] Still on closure of mould 2, each of the inner cir- 
cumferential edges 8a of tyre 7 is sealingly engaged 
between the inner circumferential portions of the toroi- 
dal support 10 and inner circumferential portions of the 
lower 4a and upper 4b cheeks. Tyre 7 will remain seal- 
ingly engaged In the mould In the above described man- 
ner until the moment that, at the end of the moulding 
and curing cycle, the mould itself will be brought again 
to its open condition. 

[0061 ] When mould closure has been completed, tyre 

7 Is submitted to a pressing step with its outer surface 
7a against the walls of the moulding cavity 6, concur- 
rently with administration of heat, so as to cause molec- 
ular cross-linking of the elastomer material forming the 
tyre itself and consequent geometric and structural sta- 
bilization of the latter. 

[0062] For the purpose, apparatus 1 is provided with 
pressing means comprising at least one primary duct 1 3 
for feeding od a fluid under pressure, formed in bed 3a 
of press 2 for example, and opening into one of the 
centering seats 12 for sending a fluid under pressure to 
at least one connecting duct 14 formed along at least 



one of the centering shanks 11, preferably coaxially 
therewith. 

[0063] The connecting duct 14 terminates, through 
appropriate branches 15 radially formed in the toroidal 

5 support 10, at an annular chamber 16 provided inter- 
nally of the toroidal support itself. 
[0064] Extending from the annular chamber 16, 
through the toroidal support 1 0, is a plurality of channels 
17 for feeding of fluid under pressure, which open into 

10 the outer surface 10a of the toroidal support itself and 
are suitably distributed over the circumferential exten- 
sion of said support. 

[0065] The pressurized fluid fed from the primary duct 
13 reaches the feeding channels 17 via the connecting 
IS duct 14, the radial branches 15 and the annular cham- 
ber 16, then opening onto the outer surface 10a of the 
toroidal support 10. 

[0066] The pressurized fluid is thus admitted to a dif- 
fusion interspace 18 created between the outer surface 

20 10a of the toroidal support 10 and the inner surface 7b 
of tyre 7, into which the feeding channels 17 open. 
[0067] In a preferential solution, the diffusion Inter- 
space 18 is directly created following an expansion of 
tyre 7 caused by effect of the thrust exerted by the pres- 

25 surized fluid. 

[0068] In other words, pressing of the tyre against the 
walls of the moulding cavity 6 takes place concurrently 
with an expansion imposed to the tyre itself, until the 
outer surface 7a thereof is brought to completely adhere 

30 to the inner walls of the moulding cavity 6. 

[0069] Alternatively, in accordance with a different 
embodiment, the diffusion interspace 18 is at least 
partly defined by a surface lowering formed on the outer 
surface 10a of the toroidal support 10. In this case as 

35 well, concurrently with the pressing step following 
admission of pressurized fluid, an expansion of tyre 7 
increasing volume of the diffusion Interspace 1 8 can be 
achieved, 

[0070] Preferably, the diffusion interspace 18 has a 
40 size included between 3 mm and 14 mm, measured 
between the inner surface 7b of tyre 7 and the outer sur- 
face 10a of the toroidal support 10, at least close to an 
equatorial plane X-X of the tyre itself. 
[0071 ] It is also preferably provided that the amount of 
45 the expansion imposed to tyre 7 should involve an 
increase in the circumference of same which is included 
between 1.5% and 3.5%, measured at the equatorial 
plane X-X of the tyre itself. 

[0072] The fluid under pressure admitted to the diffu- 
se sion interspace 18 can be made up of nitrogen or 
another inert gas, for example. 
[0073] However, In a preferential solution, It is pro- 
vided that, in addition to or in place of an inert gas, pref- 
erably overheated steam should be employed, which 
55 will preferably have a temperature included between 
1 70X and 21 O^'C. and will be fed at a gradually increas- 
ing pressure until a value included between 16 and 30 
bars, preferably of about 18 bars. Under this circum- 



5 



9 



EP 0 976 533 A2 



10 



stance the heating fluid is made of. or at least com- 
prises, the same fluid under pressure sent to the 
feeding channels 17, for tyre moulding. 
[0074] Said primary duct 13 and connecting duct 14, 
as well as the radial branches 15. annular chamber 16 5 
and feeding channels 17, together with further conduits 
19, 20 close to cheeks 4a. 4b and sectors 5a. 5b of 
mould 8 fed with steam under pressure at high temper- 
ature, also perform the function of heating means for the 
mould walls in order to supply tyre 7, from the outside to io 
the inside, with heat necessary for its molecular cross- 
linking. 

[0075] In accordance with a further aspect of the 
invention, in order to inhibit steam under pressure, dur- 
ing the starting steps of the curing cycle, from permeat- 75 
ing through the raw elastomer material of which tyre 7 is 
made, the method in reference provides for arrange- 
ment of at least one pre-vulcanized liner on the inner 
surface of the tyre. Advantageously, the pre-vulcanized 
liner (not shown in the drawings) can be directly formed 20 
on the toroidal support 10 during a step preceding man- 
ufacturing of tyre 7 on the toroidal support itself, or 
applied to the outer surface 10a of the toroidal support 
10 in the form of a skim coat. 

[0076] Further specifications on the composition and 25 
features of the liner are described in a copending Euro- 
pean patent application in the name of the same Appli- 
cant, to which please refer fur further explanations. 
[0077] The invention achieves important advantages. 
[0078] In fact, the possibility of directly manufacturing 30 
the tyre on a rigid toroidal support ensures high qualities 
in terms of geometric accuracy and structural uniformity 
of the tyre itself. 

[0079] Employment of a rigid toroidal support during 
the moulding and curing steps enables a perfect center- 35 
ing of the tyre within the vulcanization mould to be 
achieved, and allows a greater control on the geometric 
and structural features of the tyre during the expansion 
step, as compared with traditional processes using 
inflatable vulcanization bladders. This geometric and 40 
structural control is also assisted by an efficient anchor- 
ing of beads 8a between the cheeks 4a, 4b and the 
toroidal support 10, as previously described, without 
any risk of forming burr due to escape of elastomer 
material therethrough. 45 
[0080] In addition, admission of steam under pressure 
and at temperature to the diffusion interspace formed 
between the toroidal support and the inner surface of 
the tyre, ensures a greater heat transmission to the tyre 
itself, which is not hindered by bodies of elastomer so 
material such as the vulcanization bladders of the 
known art, and is more efficient than that obtainable by 
contact with solid bodies such as the toroidal support 
itself. 

[0081 ] It is also to note that, due to the presence of the 55 
toroidal support, the volume taken up by steam within 
the tyre is very reduced. Consequently, vulcanization 
can be obtained with greatly reduced amounts of steam 



as compared with the known art. 
[0082] Admission of steam or another fluid under 
pressure between the toroidal support and the inner 
surface of the tyre further enables, with a possible tyre 
expansion, convenient preloading forces to be produced 
in the inner tyre-reinforcing structures, which condition 
is often sought for achieving given behavioural qualities. 
[0083] In addition, arrangement of a pre-vulcanized 
elastomer layer on the inner surface of the tyre elimi- 
nates the risk that the direct contact of steam with the 
inner surfaces of the tyre may cause diffusion of water 
particles into the layers of the raw blend, above all in the 
starting steps of the curing process. 
[0084] This solution can be also advantageously uti- 
lized in any curing process carried out without the aid of 
a vulcanization bladder, even in the absence of the 
toroidal support. 

Claims 

1. A method of moulding and curing tyres for vehicle 
wheels, comprising the following steps: 

disposing a tyre being worked (7) on a toroidal 
support (10) having an outer surface (10a) the 
shape of which substantially matches that of an 
inner surface (7b) of the tyre itself; 
closing the tyre (7) and the toroidal support 
(10) in a moulding cavity (6) defined by a vul- 
canization mould, said moulding cavity having 
walls conforming in shape to an outer surface 
(7a) of the tyre (7) when vulcanization has 
been completed; 

pressing the tyre (7) with its outer surface (7a) 
against the moulding cavity (6) walls; 
administering heat to the tyre being worked (7) 
in order to cause a molecular cross-linking of 
same, 

characterized in that 

said pressing step takes place by admission of 
a fluid under pressure to at least one fluid-diffu- 
sion Interspace (18) created between the outer 
surface (lOa) of the toroidal support (10) and 
the inner surface (7b) of the tyre (7). 

2. A method as claimed in claim 1, wherein said 
pressing step preferably takes place concurrently 
with an expansion imposed to the tyre (7) by effect 
of admitting fluid under pressure to the diffusion 
interspace (18). 

3. A method as claimed in claim 2, wherein said diffu- 
sion interspace (18) is created following expansion 
of the tyre (7). 

4. A method as claimed in claim 1 . wherein admission 
of fluid under pressure takes place through feeding 
channels (17) formed in the toroidal support (10) 



6 



11 



EP 0 976 533 A2 



12 



and opening onto the outer surface (10a) of said 
support. 

5. A method as claimed In claim 1, wherein during 
admission of fluid under pressure the tyre is seal- 
ingly engaged at its inner circumferential edges 
(8a) between the moulding cavity (6) walls and the 
outer surface (10a) of the toroidal support (10). for 
hermetically delimiting the diffusion interspace (18) 
at the inner circumferential edges (8a) of the tyre 
itself. 

6. A method as claimed in claim 1, wherein heat 
administration takes place by admission of a heat- 
ing fluid to said diffusion interspace (18). 

7. A method as claimed in claim 6, wherein said heat- 
ing fluid comprises the same fluid under pressure 
as employed for carrying out the pressing step. 

8. A method as claimed in claim 1 , wherein said diffu- 
sion interspace (18) has a size included between 3 
mm and 14 mm, measured between the inner sur- 
face (7b) of the tyre (7) and the outer surface (10a) 
of the toroidal support (1 0) at least at one equatorial 
plane (X-X) of the tyre itself. 

9. A method as claimed in claim 2, wherein the radial- 
expansion step involves an increase in the tyre cir- 
cumference included between 1.5% and 3.5% 
measured at an equatorial plane (X-X) of the tyre 
itself. 

10. A method as claimed in claim 1 , wherein the step of 
arranging the tyre (7) on the toroidal support (10) is 
carried out by directly manufacturing the tyre on the 
toroidal support. 

11. A method as claimed in claim 10, wherein a pre-vul- 
canized liner is arranged on the inner surface of the 
tyre (7). 

12. A method as claimed in claim 11, wherein said pre- 
vulcanized liner is directly formed on the toroidal 
support (10) during a preliminary manufacturing 
step of the tyre (7) on the toroidal support itself. 

13. An apparatus for moulding and curing tyres for vehi- 
cle wheels, comprising: 

a toroidal support (10) arranged to engage a 
tyre being worked (7), said toroidal support 
(10) having an outer surface (10a) the shape of 
which substantially matches that of an inner 
surface (7b) of the tyre itself; 
a vulcanization mould (2) arranged to receive 
the toroidal support (1 0) carrying the tyre being 
worked (7) within a moulding cavity (6) having 



walls conforming in shape to an outer surface 
(7a) of the tyre (7) when vulcanization has 
been completed; 

pressing means (1 3. 1 8) for pressing the outer 
5 surface (7a) of the tyre (7) against the moulding 

cavity (6) walls; 

heating means for transmitting heat to the tyre 
(7) closed between the moulding cavity (6) and 
the toroidal support (10). 

10 characterized in that: 

said pressing means comprises channels (17) 
for feeding of fluid under pressure which are 
formed through the toroidal support (10) and 
open onto the outer surface (10a) of said sup- 

15 port (10). 

14. An apparatus as claimed in claim 13, wherein said 
feeding channels (17) open into at least one inter- 
space (18) for diffusion of the fluid under pressure, 

20 defined between the outer surface (10a) of the 
toroidal support (10) and the inner surface (7b) of 
the tyre being worked (7). 

15. An apparatus as claimed in claim 13. wherein the 
25 outer surface (1 Oa) of the toroidal support (10) has 

an extension lower than that of the inner surface 
(7b) of the vulcanized tyre (7), so that an interspace 
(18) for diffusion of the heating fluid is created 
between the outer surface of the toroidal support 
30 (10) and the inner surface (7b) of the tyre (7). 

16. An apparatus as claimed in claim 13, wherein the 
toroidal support (10) has inner circumferential por- 
tions cooperating with inner circumferential portions 

35 of the walls of the moulding cavity (6) for sealingly 
engaging the tyre (7) at the respective inner circum- 
ferential edges (8a) of the latter. 

17. An apparatus as claimed in claim 13, wherein said 
40 pressurized-fluid feeding channels (1 7) extend from 

an annular cavity (16) provided internally of the 
toroidal support (10) and susceptible of connection 
with a primary duct (13) associated with the vulcan- 
ization mould (2), for feeding of fluid under pres- 
45 sure. 

18. An apparatus as claimed in claim 13, wherein said 
toroidal support (10) has at least one centering 
shank (11) to be engaged in a centering seat (12) 

50 associated with the mould for fastening positioning 
of the toroidal support (10) and the tyre (7) in the 
moulding cavity (6). 

19. An apparatus as claimed in claim 18, wherein said 
55 centering shank (1 1 ) extends in a geometric axis 

common to said toroidal support (10), said tyre 
being worked (7) and said moulding cavity (6). 
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20. An apparatus as claimed in claim 18. further com- 
prising at least one connecting duct (14) formed 
along the centering shank (11) to bring the feeding 
channels (17) into fluid communication with said 
primary duct (13) for feeding of fluid under pres- 5 
sure. 

21. An apparatus as claimed in claim 13, wherein said 
heating means comprises at least one conduit (1 3) 

for sending a heating fluid to the feeding channels w 
(17). 

22. An apparatus as claimed in claim 13, wherein said 
heating fluid comprises the same fluid under pres- 
sure admitted by the pressurised-fluld feeding 15 
means (13-18). 

23. An apparatus as claimed in claim 13, wherein said 
toroidal support (10) has an elastically yielding 
structure in an axial direction, at least at regions 20 
corresponding to inner circumferential edges (8a) 

of the tyre (7). 
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